The objective of this paper is to analyse the effects of international R&D cooperation on firms' economic performance. Our empirical analysis, based on Spanish firms' participation in the Framework Programme (FP) between 1995 and 2005, has confirmed that: (1) cooperation within the FP has a positive impact on the technological capacity of firms, captured through intangible fixed assets and (2) the technological capacity of firms is positively related to their economic performance, measured by labour productivity.
Introduction
The objective of this paper is to analyse the effects of R&D cooperation, exploring the relationship between cooperation, knowledge generation and economic results. Empirical analysis is focused on consortia supported by the R&D Framework Programme (FP) of the European Union and, more specifically, our sample refers to those Spanish firms participating during the period 1995-2005. Consortia shaped under the FP have been considered in the literature to be a clear example of international R&D cooperation, since they involve partners from different nationalities which invest their own resources in R&D activities in order to obtain appropriable results.
Prior studies concluded that the FP has contributed to building and consolidating R&D networks within the European area (Roediger-Schluga and Barber, 2006; Breschi and Cusmano, 2006) . Nevertheless, empirical evidence about the effect of the FP on firms' economic performance is scarce.
The main obstacles that authors must face when trying to measure the impact of participation in the FP are two: 1) how to avoid the self-selection effect and 2) how to join data on participation and on economic performance for a period long enough to capture the long-term effect of the FP R&D projects.
Following Barajas and Huergo (2009) , our empirical approach takes into account that cooperation in this program is the result of two decisions. First, firms have to decide whether or not they engage in the consortia. Second, the agency decides to approve or to reject the project after the evaluation. In this second stage, we are considering a selection equation in order to avoid the self-selection effect that can produce bias when the information considered refers only to firms with accepted projects. Afterwards, we analyse the effect of participating in the FP on technological and economic results.
The second obstacle has been solved by joining two complementary databases. The first one, provided by the CDTI (the public organism in charge of monitoring the participation of Spanish firms within the FP), contains much relevant information about the FP projects and the participants and allows us to discriminate between the decision to apply and the agency selection. Additionally, we use data provided by the SABI database that consists of company accounts for over 1,000,000 Spanish firms. This allows us to build a control sample with information on economic variables. Thus, we compile homogeneous samples containing information about more than 50,000 firms and for a long-term period.
In contrast to other impact studies of the FP, the features of our database allow us to carry out the empirical analysis from a more in-depth and precise approach. Previous literature on the economic impact of the FP has confirmed the positive effect on firms' technological capabilities, but has not provided evidence about any significant effect on economic performance. Our approach, based on the work by Crepón et al. (1998) , believes that technological capabilities have a direct effect on productivity and thus participation in the FP could also have an indirect effect on this performance measure.
Moreover, our database contains information for a period long enough to capture the longterm impact of participation in FP consortia. Thus, we consider a time lag of five years from the application year of each project. Other works are not able to establish the same time lag for all the projects or consider a short-term horizon 1 . Finally, previous literature does not take into account the existing differences among FP instruments. In order to guarantee the homogeneity of the sample, only Specific Targeted Research Projects (STREPs) and Integrated Projects are considered in the present paper.
Following this introduction, Section 2 summarises prior literature focused on R&D cooperation impact and, more specifically, on the FP. In Section 3, we present the database and the model used to carry out the empirical analysis contained in Section 4.
Finally, in Section 5, we draw some conclusions from the results, also pointing out key policy implications.
1 Benfratello and Sembenelli (2002) consider a sample of firms participating during the period 1992-1994, indistinctly, and analyse their economic results for the period 1995-1996. Dekker and Kleinknecht (2008) use information for firms supported in FP4 and FP5, but they have no information about the concrete year of participation. Impact is measured considering sales of new products introduced in the market during the period 2002-2004 for the whole sample.
Previous empirical evidence on the impact of R&D cooperation
The origin of cooperation impact studies must be explained in the framework of the literature on R&D impact. Following the seminal works by Solow (1957) and other authors which incorporated R&D as an endogenous factor in the production function (Romer, 1990; Grossman and Helpman, 1991) , many studies have tried to quantify the contribution of technology to the economic growth of a country, industry branch or enterprise, concluding that the private return of R&D investments is lower than the social one. Griliches (1992) , Mohnen (1996) and Nadiri (1993) confirmed that, on average, the social rate of return is 50% to 100% higher than the private one. Griliches and Mairesse (1984) , Jaffe (1986) and Verspragen (1995) demonstrated that those spillover effects associated with R&D activities are responsible for the increasing rate of returns when knowledge flows from one firm or institution to others.
In the 1990s, available data on firms' innovative activities open new research paths and new approaches are proposed. One of the most relevant works is the paper by Crepon et al. (1998) . Using data from the French Innovation Survey, these authors build a model (CDM model) which considers that the effect of R&D on firms' productivity is the result of the innovation outputs and not directly of the R&D activity. Their empirical analysis concludes that technological results are favoured by the R&D intensity and the innovative dynamic of the activity branch. Moreover, productivity is positively influenced by the introduction of innovations in the market when controlling by human resources' qualification and physical capital.
The basic CDM model includes variables measuring the internal effort in R&D, but does not take into account the effect of external spillovers. In this respect, cooperation has been considered by some authors a valid proxy for explaining knowledge generation associated with those knowledge spillovers. Cincera et al. (2003) argue that cooperation is an alternative for measuring voluntary access to external knowledge and also for controlling the involuntary outgoing spillovers. In fact, a considerable amount of empirical research corroborates the relationship between the propensity to cooperate and the relevance of spillovers for the innovation process. Cassiman and Veugelers (2002) find, for the case of Belgian firms, that cooperation seems to be a suitable strategy for internalising spillovers within formal consortia, since those firms which consider incoming spillovers to be more important have a greater probability of cooperating. Using data from the Community Innovation Survey and based on the previous work, several studies have been carried out, stressing the relevance of spillovers as an explanatory factor for R&D cooperation (Abramovsky et al. 2009 ). For the case of Spanish firms, López (2008) confirms that the probability of cooperating is positively influenced by the increasing relevance of incoming spillovers (measured as publicly available information useful for the firms' innovation activity) and by the higher effectiveness of the protection of intellectual property rights.
Previous literature analysing the effect of cooperation on firms' performance is characterised by the heterogeneity of models, due, in part, to the relative novelty of this research area. Most papers are focused on measuring the cooperation effect on innovation output and economic results. Moreover, some also explore the relationship between cooperation effects and the type of partner selected by the company.
One of the first studies analysing the effect of cooperation on economic results was carried out by Siebert (1996) . This author uses a sample of 314 US joint research ventures registered from 1985 to 1992 in the NCRA-JRV databases (National Cooperative Research Act) and confirms that the effect of R&D intensity on profit margin is higher for cooperating firms than for non-cooperating firms. Nevertheless, cooperation does not affect profit margin.
Thanks to the improvement and international harmonisation of innovation statistics in the 1990s (mainly throughout the CIS initiative), researchers were able to measure the impact of R&D cooperation on new output indicators closer to the firms' innovative activity. This information source also allows for distinguishing different kinds of cooperation according to the type of organisation selected by the company to carry our joint R&D projects.
Researchers introduce explanatory variables capturing the type of cooperation (related to the type of partner) in empirical models, and measure their impact on some innovation output indicators. Most of the papers find a positive relationship between cooperation with universities/research centers and innovation output measured by the volume of sales due to new products (Lööf and Heshmati, 2002; Faems et al., 2005; Lööf and Broströn, 2008) .
Nevertheless, due to the interest in knowing the real impact of cooperation on economic performance, and not only on innovation results, some authors try to go beyond carrying out more exhaustive research. One of the most cited papers is the study by Belderbos et al. (2004) . These authors measure the effect of different types of cooperation on Dutch firms' performance, captured by two indicators: the growth of added value per employee (as an indicator of labour productivity) and the growth of sales per employee from new-to-themarket products (as an indicator of "innovative sales productivity"). Available data for the period 1996-1998 allow them to match information on innovative activity (from the CIS) and financial indicators for more than 2,000 enterprises. They cannot confirm that cooperation with universities has an effect on labour productivity, but instead find a significant impact on innovative sales growth. Aschhoff and Schmidt (2008) reinforce the positive relationship between cooperation with universities and the new-to-the-market product innovation. In the same study, these authors also confirm the effect of cooperation in process innovation, capturing throughout this indicator the cost-reduction factor associated with collaborative R&D.
Another remarkable attempt to demonstrate the economic effects of R&D cooperation is the paper by Cincera et al. (2003) . These authors analyse the effect of international R&D cooperation by including not only R&D expenditure, but also R&D cooperation in a classical productive growth function. This latter indicator is a proxy of available external know-how (knowledge spillovers) and complements the internal innovation effort.
Empirical results confirm the positive impact of R&D intensity on sales growth. However, only cooperation with more applied objectives (with customers, suppliers or other companies) has a positive impact on sales growth.
In general, the literature confirms the existence of a positive relationship between R&D cooperation and innovative results, but the effect on economic performance is not so evident. Taking into account different types of cooperation processes, empirical evidence seems to corroborate that the more market-oriented the cooperation is, the higher the probability of finding positive economic effects (Benfratello and Sembenelli, 2002; Cincera et al., 2003; Belderbos et al., 2004) . Georghiou et al. (1992) find that the main benefit for industry is the improvement of skills. Also Luukkonen (1998) observes that the promotion of 'infrastructural' matters (such as skills and training of personnel) can be considered the primary impact of EU research programmes.
The specifics of the FP regarding economic impact are reinforced by Benfratello and Sembenelli (2002) . Matching data on 411 participants in Eureka and in the FP and balance sheet information from the AMADEUS database, these authors compare the effect of cooperation taking place in the two different programmes. They corroborate the positive influence of Eureka cooperation on some economic variables (labour productivity and price cost margins), but they cannot find any effect for the case of FP participants. Authors explain these results by the differences between the two programmes: Eureka is more market-oriented and the FP is more focused on pre-competitive projects.
Some studies have found different effects regarding firms' characteristics. Thus, Luukkonen (2000) suggests that commercial and short-term objectives are much more relevant for small firms, since these companies are not able to maintain a large project portfolio and their innovation activity is based on short return periods, allowing them to finance consecutive R&D projects (European Commission, 2009 ). For the case of the Swedish industry, Arnold et al. (2008) report that the FP impact largely depends on the activity branch. They analyse four industries and confirm that, when the objectives of the FP consortia are closer to the market and the participation of big companies is more important, like in ICT or vehicles, the economic impact is higher. On the contrary, in live sciences or energy, the most relevant impact of the FP is related to the increasing technological capabilities of SMEs.
Similar results were obtained by Polt et al. (2008) . They analyse the relationship between the participation in the FP and the innovative activity of enterprises using data from the Community Innovation Survey and a wide database on participation in FP5 and FP6. They results, but they find a positive influence on R&D intensity for companies with fewer than 100 employees.
To summarise, empirical evidence on the impact of the FP seems to indicate that the main contribution of this programme to the industry participants is related to the improvement of scientific and technological capabilities and not directly to the firms' economic performance.
Empirical model and data
When analysing the impact of any public aid, the implicit question to answer is what the behaviour of a supported firm would have been if it had not received this public aid. The problem is that each firm can only be observed either in the status of receiving the public support or not; that is, we cannot directly observe the additional effect. As is well known, if aid was granted randomly to firms (or consortia), we could estimate the effect of public aid on (for instance) performance as the difference between the average one in supported and non-supported firms. However, the evidence shows that aid is not granted randomly.
Therefore, to measure the effect of public aid, we need to estimate or approximate the counterfactual. That is, we have to take into account that the awarding decision by the public agency probably depends on the same firm (or consortia) characteristics that determine performance. The econometric literature has developed several methods in order to solve these difficulties 2 . One of the most used alternatives, and the one that will be followed here, is the Heckman selection model, which involves estimating what determines the receipt of the aid (the "selection equation").
Nevertheless, the application of this method is not free of difficulties. Most of the empirical studies that try to explain the impact of national or international aid programmes have information only about financed projects, and therefore are not able to distinguish between the firm's decision to apply for the aid and the agency selection among the proposals (see, for example, Blanes and Busom (2004) , who refer to participation in R&D subsidy programmes). The main disadvantage of this lack of information is that the selectivity problem is not fully considered.
However, in our database, we also have data about rejected applications. Taking this into account, we can express the probability of participation in a financed cooperative R&D project as the following joint probability:
Pr(participation 1) Pr(application 1, award 1 )
Pr(award 1 application 1, ) Pr(application 1, ) Conditional on firm i applying, the agency can award or reject the proposal. Again, the probability of being awarded is formalised in terms of a binary model:
y is the latent dependent variable, β 2 is the vector of coefficients, u 2i is the error term, and x 2i is the set of explanatory variables which are assumed to be strictly exogenous or predetermined longer in advance. The proposal in which the Spanish firm i participates is approved if * 2i y is positive.
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Assuming than the error terms of both equations can be correlated (with correlation coefficient equal to ρ ), we estimate the system of equations (1) and (2) as a probit model with sample selection by maximum likelihood (using the Heckman procedure for the binary response variable in Stata).
After the joint estimation of both equations, we proceed to estimate the impact of the supported cooperative project in terms of output. Given that the R&D projects supported through the FP are generally long-term projects (the average duration of a project is around 24 months and before starting the project, the negotiation phase with the European Commission could also take several months), it seems reasonable to analyse its impact once the project has formally finished. To do so, the measures of output that we include in our analysis refer to the period t+5 relative to the awarding year.
Specifically, in the second step, we analyse how participation of the firm in an FP project affects the generation of new knowledge. This is approached by the proportion of intangible fixed assets over employment, which constitutes an indirect measure of innovation output, given that the knowledge generated in the R&D project will usually be reflected by the volume of intangibles inside the firm (especially in the case of patents and R&D investments). Therefore, the next equation in our model is:
, where i k stands for a firm's intangible fixed assets, and * i p denotes the predicted value for the probability of participating within the FP. We include the prediction instead of the dummy for observed participation to take care of the selectivity problem. i x is a vector of other control variables in equation (3).
In the last step of the model, we estimated the impact of the intangible assets, as an indicator of knowledge capital, on a firm's labour productivity, as an indicator of economic success. Therefore, if we find that intangibles are affected by participation within the FP, and that these intangibles increase productivity, the economic impact of the cooperative project will also be supported by the evidence. As a consequence, the last equation in our model takes the form
, where i g is labour productivity, i k is knowledge capital (represented by intangible assets) and z i stands for other additional controls in equation (4). We take care of the endogeneity of i k in this equation by using the predicted values from equation (3) in the estimation.
In equations (3) and (4), dependent variables refer to period t+5 relative to the awarding year. As we have explained previously, the R&D projects supported by the FP are generally long-term, and it seems reasonable to analyse its impact once they have formally finished and firms have obtained economic returns.
To summarise, in this paper we apply a structural model which has the following basic structure: (i) firms decide whether or not to apply for a FP cooperation project; (ii) the proposal is awarded or rejected by the European Commission; (iii) the innovation activities involved in the cooperative R&D project succeed through the generation of new knowledge (represented by intangibles); (iv) the addition of this new knowledge to the production process results in productivity growth. Since we assume a recursive model structure and do not allow for feedback effects, we follow a three-step estimation procedure. In the first step, we estimate a maximum likelihood probit model with sample selection (Equations (1) and (2)). In the second step, we estimate the knowledge production function (Equation (3)) (proxied by the stock of intangible fixed assets), using the predicted value of the probability of participating within the FP to take care of the selectivity problem. In the last step, we estimate the productivity equation, using the proportion of intangible fixed assets as an indicator of knowledge generation.
We choose this structural model because it captures the main features of the phenomenon we want to analyse, but is parsimonious and empirically tractable with the data we have available. This recursive structure is, to a certain extent, similar to the one proposed in the well-known CDM model (Crepon et al., 1998) .
Database
The database used here is provided by the Centre for the Development of Industrial The CDTI-PM database allows us to analyse specifically those factors related to agency selection 6 , while the information from the joint database is used mainly to estimate the firm's decision to engage in a cooperative project, and the impact of participation on the firm's output.
Results
In this section, we present the results of the estimation of the model depicted in Section 3.
As Equations (1) to (4) point out, we assume a recursive model where feedback from performance variables to the decision of applying for a FP cooperation project is not 5 Coverage of the data is basically restricted to firms that have at least 10 employees (annual average), but we have also included 615 micro-companies (0.5% of the CCD, chosen again by means of a random sampling scheme), given that 219 applicants of cooperative FP projects belong to this category. 6 Proposals are evaluated by independent experts according to some common criteria. However, such information is absent from our database.
allowed. Taking this into account, we follow a three-stage estimation procedure. In the first stage, a probit model with sample selection including the decision to participate in a cooperative R&D project within the FP and the decision of awarding by the EC are jointly estimated consistently by maximum likelihood. In the second stage, we estimate the generation of new knowledge (Equation (3)), approaching the innovation output by the intangible fixed asset and introducing the predicted value of the probability of participating within the FP as an explanatory variable. In the last stage, the productivity growth equation (4) is estimated by including a proxy of the new knowledge as an explanatory variable; specifically, we introduce the predicted value of intangible fixed assets. Tables 1 and 2 show the results of the Heckman probit estimation associated with the probability of participation within the FP. The first one exhibits the coefficients of the probit model for the firm's decision to apply for an FP cooperation project (equation (1)), while the second one corresponds to the probability of being awarded the subsidy by the EC (Equation (2)). We also report marginal effects in square brackets. Notice that the correlation term ρ in Table 2 is significant, pointing out the necessity of estimating a selection model for the awarding decision 7 .
Cooperation within the FP
The explanatory variables included in Equations (1) and (2) follow the selection made by Barajas and Huergo (2009) for a quite similar sample 8 . The results basically confirm the evidence obtained in that paper. As for the applying equation, as can be seen in Table 1 , most coefficients are statistically significant, although marginal effects are small except for those variables measuring the FP experience in the previous year. In general, explanatory variables increase the probability of applying for an FP cooperation project, with the exception of the liquidity ratio, which has a negative impact, which is consistent with the idea that cooperation can be considered a strategy for avoiding financial obstacles associated with R&D projects for firms with financial constraints. 7 The Heckman procedure for the binary response variable in STATA does not take into account the panel structure of the data and the information is treated as a pool. However, in Barajas and Huergo (2009) , the decision to apply has been estimated as a random-effects probit model taking into account the panel structure of the data and the results are basically the same. 8 Find the exact definitions of the variables in Appendix A. Marginal effects in square brackets. Std. E.: Estimated standard error. Coefficients significant at: 1%***, 5%**, 10%*. All regressions include the constant. Dummies excluded for firms with fewer than 10 employees and the year 1999. Marginal effects are computed at sample means. For dummy variables, the marginal effect corresponds to the change from 0 to 1. Marginal effects in square brackets. Std. E.: Estimated standard error. Coefficients significant at: 1%***, 5%**, 10%*. All regressions include the constant. Dummy excluded for the year 1999. Marginal effects are computed at sample means. For dummy variables, the marginal effect corresponds to the change from 0 to 1.
When we analyse the coefficients of the time variables, we observe that firms applied in As expected, previous experience in FP proposals increases the probability of applying in future editions and especially when the prior experience took place during the previous year. Since the application process within the FP is very costly, companies in consortia that have been rejected will try to profit from the accumulated knowledge, applying to the following calls. The probability of engaging in an FP project increases about 30 points for firms with experience in the last year, while it increases almost five points for firms with experience in previous editions of the FP.
With respect to the rest of the explanatory variables, exporters, firms that are on the stock market, and companies that present a higher ratio between intangible fixed assets and employment, are also more likely to apply. The earnings in terms of sales (approached by EBITDA), as a measure of ex-ante firm market power, also present a positive effect. This result is coherent with the Schumpeterian hypothesis that the less competitive the markets are, the more incentives for firms to innovate (and to participate in R&D consortia) since they are better able to capture innovation benefits. However, this empirical evidence could also be supporting the existence of an informal competitive process among proponents in order to take part in those FP consortia led by the most reputed organisation. Thus, the most profitable firms have a higher probability of being selected by consortia coordinators.
The coefficients of the set of size dummies indicate a negative impact of size on the probability of applying. This unexpected result can be affected by the fact that our control sample is biased towards large firms, which are chosen on the basis of a census, while firms employing between 10 and 200 employees are selected by a random sampling scheme.
Additional work would be necessary to study this result more closely 9 .
With respect to the geographical indicators, firms located in the Basque Country, Catalonia, Madrid and Valencia show higher probabilities of submitting an application, which is consistent with the major concentration of technological firms in these regions.
The last rows of Table 1 present the coefficients of industry dummies 10 . Firms that carry out high-tech activities are also more prone to become proponents. The probability of engaging in an FP project increases more than 5 points for companies in the Post and telecommunications service sector and R&D sector. Also, affiliation to Computer and related activities, Office machinery and computers, and the transport equipment industry increases the probability of applying by about 4 points. Table 2 shows the coefficients corresponding to the estimation of the equation for the probability of being awarded aid by the EC. Again, the results confirm the evidence provided by Barajas and Huergo (2009) . Firstly, the presence of public organisations within a consortium and the distance among the partners negatively affect the viability of the proposal. Both variables can be reflecting the existence of coordination costs. With respect to the participation of non-entrepreneurial organisations, these costs could be associated with the differences in private and public cooperation routines, especially concerning the protection of innovation results.
Secondly, the inclusion of a new member in the consortium increases the probability of being supported by 7.5 points. In this case, the required technological diversity of the research equipment seems to exceed the coordination cost associated with each additional partner.
Thirdly, the probability of being supported increases when the project belongs to the Transport area 11 , and especially when the proposal is led by a German organisation.,
Spanish firms that participate in consortia led by companies or organisations from
Germany -a very active country within the FP-probably earn greater experience, enjoy better coordination routines, and therefore are more likely to receive aid from the EC.
Previous experience in FP projects has less impact on the probability of being supported than on the probability of applying. It seems clear that "learning-by-doing" is a more relevant factor in explaining the decision to participate due to the complexity of the FP procedures and the need to exploit scope economies once the effort to apply is made and the consortium is shaped.
11 Most of the total budget of the FPs is allocated to information and communication technologies. Therefore, it seems that the EU gives priority to these technological areas. Our result that only firms which carry out FP programmes in Transport show a greater probability of receiving aid can be a consequence of the criteria followed to eliminate the firms which have more than one project. Most of the dropped observations are projects belonging to ICT, Transport and Aeronautical technologies areas.
Finally, although the temporal dummies which indicate the year in which the firm applied are jointly significant, they do not present significant coefficients in any year. That is, according to these results, there are no specific differences in the probability of being supported in both FP5 and FP6.
Impact on knowledge accumulation
We next proceed to estimate Equation (3). As already stated, to capture the impact of supported cooperative projects, our measure of technological output is the proportion of intangible fixed assets over employment. We assume that this constitutes an indirect measure of innovation output, given that the knowledge generated in the R&D project will usually be reflected by the volume of intangibles inside the firm, especially if the new knowledge is protected through patents 12 . In Table 3 , we describe the variables used in the following econometric analysis.
The firms' technological capabilities are represented by their intangible fixed assets, given the intangible character of R&D 13 . The difference of means test confirms that the average of this variable in the sample is higher for participants within the FP than for nonparticipants. The proportion of intangibles over employment is slightly lower for participants. On the contrary, the percentage of tangible fixed assets per employee is higher for supported firms. Participants seem to be more productive, although the difference is small.
In addition, we consider a set of geographical dummies to be explanatory variables, as the more technological Spanish firms tend to locate in specific regions. As we can see, for participants, the percentage of companies located in Madrid, Catalonia and the Basque Country (regions with R&D intensities above the national average), is higher than for nonparticipants.
We also take into account whether the firm's activity corresponds to a high-tech service sector or a high or medium-tech manufacturing sector according to the OCDE 12 Most previous empirical evidence approaches the new knowledge by other technological outputs as product and process innovations, or sales generated by new products. However, this information is not available in our database. 13 Spanish accounting rules allow for the capitalisation of R&D expenditures under certain conditions (mainly when there are reasonable expectations of marketable results).
classification. The frequencies in Table 3 reflect a high presence of these activities among participants, especially in high-tech services. A firm's export activity is captured through a binary variable that takes the value one if the firm is an exporter during the period. As we can see in Table 3 , the percentage of exporters among participants is 16 points higher than among non-applicants.
As an additional control variable, we include a dichotomy variable that reflects whether the firm is listed on the stock market. This kind of company is usually financially more consolidated and international funds could be less attractive to it. However, firms on the stock market tend to show more formalised quality procedures and therefore could have more systematic collaboration routines. In our sample, stock market companies are more frequent among participants.
The empirical results are reported in Table 4 . We assume that all explanatory variables are strictly exogenous and the estimation is carried out by OLS using a random effect model for panel data. We have included some control variables in the specification like time, size, export activity, industries (to capture some sector-specific effects as technological opportunities) and regional (to control for the concentration effect in some Spanish areas)
dummies.
The coefficients reported in this table are semi-elasticities because the dependent variable is measured in logarithms. Specifically, as all explanatory variables are dummies, they
show the variation rate in unitary terms of intangible fixed assets per employee when the explanatory variable changes from 0 to 1.
Due to the pre-competitive orientation of FP projects, we assume that their results will have effects in the long term. In this sense, our dependent variable refers to the period t+5, where t is the awarding year 14 . Std. E.: Estimated standard error. Coefficients significant at: 1%***, 5%**, 10%*. All regressions include the constant and temporal dummies. Dummy excluded for firms with fewer than 10 workers.
We are interested in comparing the effect of predicted participation versus observed participation. In Table 4 , the first column corresponds to the model in which we included the dummy for observed participation (yes /no) as an explanatory variable, while in column (2), this variable is substituted by the prediction obtained in the previous step (estimations of Equations (1) and (2)). It should be remarked that taking the selection problem into account is relevant: whereas the coefficient for observed participation is not significant, the predicted probability of participation positively affects our technological output.
Specifically, being a firm that cooperates in an FP increases the ratio of intangible fixed active over employment almost 40%. This result is in concordance with those presented by Dekker et al (2008) .
With respect to the control variables, industry dummies are highly significant. Firms belonging to high-tech manufacturing and services and medium-tech manufacturing have a higher potential of generating technological outputs. The level of intangible fixed assets per employee increases 7% in manufacturing and more than 31% in services. As expected, we find regional differences in terms of technological output. Firms located in Madrid and
Catalonia present a bigger level of intangible assets.
We obtain a negative effect of the size dummies. Most previous empirical evidence for
Spanish manufacturing provides a positive relationship between firm size and the probability of being engaged in technological activities and obtaining product or process innovations, stressing the capacity of large firms to exploit economies of scale. However, a negative relationship is found in terms of innovation intensity: large firms present a lower proportion of resources in R&D with respect to smaller firms.
Finally, being a company listed on the stock market or being an exporter also positively affects the generation of new knowledge. Specifically, firms operating in international markets register an increment of 15% in the ratio of intangible fixed assets over employment.
Impact on labour productivity
The variable used to analyse the impact of cooperation on economic performance is labour productivity, measured as the ratio between total sales and number of employees.
Estimations of the productivity equation (4) are shown in Table 5 . Again, the estimation is carried out by OLS using a random effect model for panel data.
The coefficients reported in Table 5 are elasticities or semi-elasticities, since the dependent variable is the logarithms of sales per employee. In addition to control variables referring to size, industry, year, and firm location, we have included a proxy of physical capital intensity in the model, measured throughout the variable "tangible fixed asset per employee". Finally, to capture the effect of knowledge accumulation on productivity, we have included the predicted value of "intangible fixed assets over employment" from Equation (3).
By means of these estimations, we analyse whether participation within the FP has not only an indirect effect but also a direct effect on firms' economic success. As we have demonstrated in the previous section, the predicted probability of being awarded aid enhances the ratio of intangible fixed assets. If we find a positive relationship between this proxy of technological output and the level of productivity, the indirect economic impact of cooperation on productivity would be confirmed. If we find that FP participation also has a significant effect on productivity, an additional direct effect of cooperation on economic performance would be corroborated.
In the first column of Table 5 , we present the obtained results, considering neither the observed nor the predicted participation to be explanatory variables. Under these conditions, the impact of the predicted value of "intangible fixed assets per employee" on productivity is clearly significant, reflecting a difference in favor of innovative firms.
Specifically, if the ratio of intangible assets duplicates, it causes productivity to grow more than 12% (see Table 5 ). As firms participating in FP present higher technological outputs, this result supports an indirect effect of cooperation on this performance variable.
In columns (2) and (3), the specification also includes the dummy for observed and predicted participation, respectively. As can be seen, both of them are not significant.
Therefore, it seems that cooperation in FP does not have a direct effect on performance variables. This result is in concordance with those presented by Benfratello and Sembenelli (2002) . Using a different methodology, they do not find significant differences in the labour productivity of firms that have participated in FP 3 and FP 4. In a similar way, Dekker et al (2008) confirm that innovative output -sales of innovative product per employee-is not enhanced by participation in the EU FP in France, Germany and The Netherlands.
Additionally, there are no changes in the coefficients of the rest of variables. Capitalintensive firms -approached by the ratio "tangible fixed assets per employee" -are also more productive. As in previous empirical evidence, exporting firms are also more efficient than non-exporting firms. Std. E.: Estimated standard error. Coefficients significant at: 1%***, 5%**, 10%*. All regressions include the constant and temporal dummies. Dummy excluded for firms with less than 10 workers.
With respect to the size dummies, we find a positive linear relationship between firm size and productivity. We also obtain geographical differences in terms of productivity. Firms located in Catalonia, the Basque Country and Madrid show a higher productivity than the rest of the firms. As expected, firms from high-tech and medium-tech manufacturing industries present larger levels of productivity. However, the opposite happens with firms in high-tech services.
Finally, as a robustness check we estimate the model using the growth rate of labour productivity as a dependent variable in Equation (4) 15 . In this case, intangible fixed assets per employee are also included in growth rates in Equation (3). The results confirm the positive impact of cooperation within the FP on the technological capacity of firms and the indirect effect of participating in the FP on labour productivity through intangible fixed assets.
Conclusions
The objective of this paper is to analyse the effects of R&D cooperation on economic performance. Empirical analysis is focused on consortia supported by the R&D Framework Programme (FP) of the European Union and, more specifically, on Spanish firms participating during the period 1995-2005.
In general, literature confirms the existence of a positive relationship between R&D cooperation and innovative results, but the effect on economic performance is not so evident. Taking into account different types of cooperation processes, empirical evidence seems to corroborate that the more market-oriented the cooperation, the higher the probability of finding positive economic effects (Benfratello and Sembenelli, 2002; Cincera et al., 2003; Belderbos et al., 2004) .
Previous empirical analyses agree about the positive effect of the cooperation carried out within the FP on variables related to technological capabilities (Georghiou et al., 1992; Luukkonen, 1998; Arnold et al., 2008; Polt et al., 2008; Dekker and Kleinknecht, 2008) , but evidence about the effect on economic performance is scarce. Considering the specific features of the FP (ambitious projects; consortia shaped by different types of organisations located in different countries; long-term periods; pre-competitive orientation in most of the cases), it is obvious that the economic effect of this kind of project should be analysed from a different perspective.
In this respect, one of the main contributions of the present paper is the application of a recursive model structure to capture the relationship between cooperation, knowledge generation and economic results. The model has the following basic structure: (i) firms decide whether or not to apply for a FP cooperation project; (ii) the proposal is awarded or rejected by the European Commission; (iii) the innovation activities involved in the cooperative R&D project succeed through the generation of new knowledge (represented by intangibles); (iv) the addition of this new knowledge to the production process causes productivity growth.
With respect to participation within the FP, the results confirm the evidence obtained in a previous paper by Barajas and Huergo (2009) about the determinants of applying in the FP and being awarded aid by the European Commission. Moreover, we have corroborated that the self-selection bias exists and, thus, we have estimated the impact equation by alternatively using the predicted and the observed probability. Going one step further, we have confirmed that the predicted probability of participating in the FP has a positive impact on firms' technological capabilities. Specifically, five years after the project is awarded aid, the ratio of intangible fixed assets over employment increases almost 40%.
The variable used to analyse the impact of cooperation on economic performance is labour productivity, measured as the ratio between sales and employment. The impact of the predicted value of "intangible fixed assets over employment" on productivity is clearly significant. Specifically, if the ratio of "intangible fixed assets over employment"
duplicates, it causes productivity to grow more than 12% five years after awarding aid to the project. This result supports an indirect effect of participating in the FP on firms' performance, captured throughout labour productivity.
From the aforementioned evidence, we can draw some conclusions regarding the interest of policy makers. The key idea supported by the study is the existence of a positive relationship between participation in FP consortia and firms' economic performance.
Nevertheless, this effect is not as direct as in other public programmes, such as Eureka (Benfratello and Sembenelli, 2002) . In this respect, it is necessary to take into account that the evaluation criteria followed in the FP refers to scientific and technological excellence, coordination abilities of the consortium, European added value (in terms of critical mass of resources mobilised and contribution to Community policies) and potential for disseminating the knowledge and achieving innovations 16 . Therefore, results must be assessed according to these criteria.
Obviously, the ideal situation is to attain all those objectives, but the fact is that the market is not always the immediate recipient of research results, especially if we are talking about border research. Thus, the direct impact of the FP seems to be related to the improvement in innovative capabilities that, to a large extent, are intangible assets, which are difficult to measure. Considering intangible assets introduced in accounting, our work has demonstrated that participation in the FP has a positive impact. The issue from the point of view of policy makers is how to capture the impact in the rest of the intangible assets, following objective and efficient criteria. Nowadays, surveys and interviews seem to be the best option in order to complement the analysis of financial information, since accounting systems are only valid instruments for evaluating some intangible assets, such as capitalised R&D expenditure, patents and software.
The second conclusion is that the economic impact of the FP should be evaluated from a long-term perspective once the specific project is finished and the market dynamic has allowed firms to introduce innovations. Otherwise, impact assessments could being ignoring a relevant contribution on firms' performance. Firm size Firm's number of employees in the current year (<10, 10-49, 50-99, 100-199, 200+) FP budget for the specific programme Percentage of the total FP budget allocated to each specific programme.
Geographical distance Percentage of partners from Northern Europe, Eastern Europe and non-European countries in the total number of partners. The percentage is multiplied by 2 or 3 if the partners are, respectively, from 2 or 3 of the aforementioned geographical areas.
Granted project in the previous year At least one of the Spanish firms involved in the consortium participated in a granted project the previous year.
High-tech services Company belongs to the high-tech services (NACE2 codes 64, 72, 73).
High and medium-tech manufacturing Company belongs to any high or medium-tech manufacturing sectors (NACE2 codes 24, 29, 30, 31, 32, 33, 34, 35) .
Intangible fixed assets per employee Ratio between intangible fixed assets and total employment in the current year (in logs.)
Labour productivity Sales per employee (in logs.)
Leader nationality The leader of the consortium is (British, Dutch, French, German, Italian, Spanish).
Liquidity ratio Shareholders' funds in non-current liabilities in the current year
Participation of organisations
Ratio between the number of non-entrepreneurial organisations and the total number of consortium members in the proposal.
Prior experience in FP proposals
The Spanish firm applied to the FP in the edition previous to the current one.
Prior experience in FP granted projects At least one of the Spanish firms involved in the consortium participated in a cooperative project financed during the FP edition previous to the current one.
Region
Firm is located in (the Basque Country, Catalonia, Madrid, Valencia).
Rejected proposal in the previous year At least one of the Spanish firms involved in the consortium participated in a rejected project during the previous year.
Size of the consortium Total number of members (firms, public organisations or other institutions) in the consortium (in logs).
Stock market
Company is listed on the stock market.
Tangible fixed assets per employee Ratio between tangible fixed assets and total employment in the current year (in logs.)
Technological area Project is related to (ICT, new materials, environment and energy, transport, agro-food, aeronautic and aerospace, innovation programmes). Std. E.: Estimated standard error. Coefficients significant at: 1%***, 5%**, 10%*. All regressions include the constant and temporal dummies. Dummy excluded for firms with fewer than 10 workers. 
Appendix B: Complementary estimates

